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The data for this report were obtained as a result of 
investigations carried out under the Environmental-Social Program, 
Northem Pipelines, of the Task Force on Northern Oil Development, 
Government of Canada. While the studies and investigations were 
initiated to provide information necessary for the assessment of 
pipeline proposals, the knowledge gained is equally useful in 
planning and assessing highways and other development projects. 


10. 


CONTENTS 


Summary 

Introduction 

Resumé of current knowledge 
Study area 

Wed Physiography and geology 
4.2 Location of study sites 


Methods and results 


esl Field and Laboratory methods 

Die Oil well sites 

See Geological Survey test-hole sites 
5.4 Laboratory analysis of samples 
Discussion 

Gaal. Terrain sensitivity rating 
Conclusions 

Recommendations 

References 


Appendicies 


Page 


14 


34 


Figure 


i 
Z 


ILLUSTRATIONS 


Locations of 1972 GSC drill holes 
Profiles across oil well site - depth of thaw - 
Oscar Creek No. 1 
Profiles across access road - depth of thaw - 
Oscar Creek No. 1 
Profiles across oil well site - depth of thaw - 
Oscar Creek No. 2 
Profiles across seismic trail - depth of thaw - 
Oscar Creek No. 2 
Profiles across drill site - depth of thaw - 
GL 2U drill site 
Profiles across drill site - depth of thaw - 
GL 2U drill site 
Profiles across seismic trail - depth of thaw - 
GL 2U drill site 
Stratigraphic and physical date - TL drill hole 
Stratigraphic and physical data - SA drill hole 
Stratigraphic and physical data - GL 1 drill hole 
Stratigraphic and physical data - CCU drill hole 
Legend for stratigraphic and ice-type logs 
Compressional wave velocities vs. temperature 
Compressional wave velocities vs. temperature 
Shear wave velocities vs. temperature 


Page 


a SUMMARY 


This geological study, undertaken in the Norman Wells area, N.W.T. since 
July 1971, is an investigation of the response of soil and rock materials 
to numerous natural and man-made disturbances under varying conditions. 
Preliminary terrain sensitivity maps of the study area have been produced 
in an attempt to designate the various zones of terrain units with similar 
properties and reaction to terrain disturbance. 


The disturbances investigated were mainly forest fires, the removal of 
trees, and removal of surface vegetation and soil. Old and recent winter 
roads, seismic trails, and abandoned oil well sites were the primary 
subjects of detailed investigation, although the main emphasis was placed 
on a thorough study of the Canol Road and the Oscar Creek areas. Canol 
Road is the oldest major road and pipeline structure built in the N.W.T. 
and, with an abundance of access roads, seismic trails, camp areas, bor- 
row pits and air strips, represents an ideal example of various types 

of man-induced terrain disturbances and resultant changes in different 
materials. Abandoned oil well sites and recently built networks of 
winter roads, seismic trails, and staging areas are representative of 

the most recent major terrain distrubance in the area. 


The major factors affecting terrain performance are ground-ice and/or 
water content; engineering properties of soils especially grain size and 
index of plasticity; and surface morphology including local relief, 
degree, length, and orientation of the slopes. Other factors involved 
include type and extent of vegetation cover, season of the year, duration 
and intensity of the disturbing process, time elapsed since the disturbing 
force was applied, ground-water regime, etc. 


Both natural and man-made terrain distrubances lead to an increased thick- 
ness of the active layer and degradation of permafrost. This increase 

can vary from almost negligible to very substantial and may result in 
extensive gullying, terrain subsidence, and ground-ice and thermokarst 
slumping. Ice-rich, highly plastic clays and silty clays on hillsides 

and sloping river banks are most prone to any type of disturbance which 
can result in severe erosion, rapid gullying, detachment slides and 
retrogressive flow slides. 


2. INTRODUCTION 


Permafrost is of vital importance in almost all phases of natural 
resource development programs in the Canadian Arctic and Subarctic 
regions. Adequate knowledge concerning the extent and behaviour of 
frozen ground must exist during the planning stages of activities such 
as exploration and mining, design and construction of pipelines, roads, 
railways, and foundations for large structures. 


This study was carried out partly under the Geological Survey's continu- 
ing general program of geological and geomorphological information on 
northern terrain, and partly under the Environmental-Social Program, 


Northern Pipelines, Task Force on Northern Oil Development, Government of 
Canada. This’ program was initiated after the first 2] discovery i the 
Western Canadian Arctic in the winter of 1970 and its importance was 
further emphasized by the recent decision to construct the Mackenzie 
Highway from Fort Simpson to Tuktoyaktuk, N.W.T. 


The study described in this report is a continuing investigation of the 
permafrost active layer and its behaviour, and of properties of various 
representative soil and rock types from comparable disturbed and undis- 
turbed sites located around Norman Wells, N.W.T. The main objectives 
are to investigate the response of various soil and rock materials in 
different situations to several types of disturbance, both from natural 
and man-induced causes, and to develop a terrain sensitivity mapping 
system that will relate the performance or sensitivity of different 
terrain units to the activities of man, particularly those involved in 
the construction and operation of pipelines. 


ou RESUME OF CURRENT KNOWLEDGE 


The major oil and gas discoveries of 1970 in the Arctic area produced 
increased interest in the North in general, and in the American and 
Canadian Arctic in particular. These discoveries and the recent decision 
to build the Mackenzie Highway through the N.W.T. have increased the need 
for more and better knowledge of the behaviour of permafrost terrain and 
the active layer as well as the effects of man's activities on the ter- 
rain and environment. This has subsequently led to an increased number 
of organizations and individuals involved in the engineering and scienti- 
fic investigations pertinent to permafrost and terrain disturbance, and 
in turn, initiated a large number of relevant publications and reports. 


The general knowledge and behaviour of permafrost and the history of 
permafrost investigation are well summarized by Terzaghi (1952), Leggett 
(1966), and Brown (1970). A number of studies concerning the effects of 
terrain disturbance have been published recently by various authors. 

Some deal mainly with general problems (USAGE, 1966; Brown, et al, 1969; 
Mackay, 1970; Hangen and Brown, 1971); others deal with specific problems 
such as forest fires (Hill, 1969; Heginbottom, 1971), pipeline construc- 
tion (Lachenbruch, 1969; Leggett and MacFarlane, 1972; Isaacs and Code, 
1972; Watson, et al, 1972; Slusarchuk, Watson, and Speer, 1972) and the 
effects of vehicle movement (Hok, 1969; Kevan, 1971). Other pertinent 
works concerning terrain disturbance and active layer behaviour may be 
found in the Proceedings of the Canadian Conference on Permafrost 

(Brown, 1969), Proceedings, Fire in the Northern Environment Symposium 
(Slaughter, Barney, and Hansen, 1971), and Proceedings, Canadian Northern 
Pipeline Research Conference (Legget, MacFarlane, 1972).' 


A series of reports is being produced under the Arctic Land Use Research 
Program of the Department of Indian Affairs and Northern Development. 
Several of these reports, especially those of Lambert (1970, 1972) and 
Kerfoot (1970, 1972) deal with the effects of terrain disturbance, 


particularly removal of vegetation, on permafrost and the active layer. 
The current summary of reports on the relationship between permafrost, 
vegetation, wild life and landforms is given by Roberts-—Pichette (1972). 
A list of environmental studies for the Mackenzie Valley Transportation 
Corridor has been compiled by Strang (1972). 


4. STUDY AREA 


The study area around Norman Wells, N.W.T. (Fig. 1) covers four adjoining 
1:50,000 NTS map-areas (96 E/2, 96 E/3, 96 E/6 and 96 E/7). The entire 
area was covered in a general study of terrain disturbance, whereas 
detailed investigation of disturbed and undisturbed sites was undertaken 
in the vicinity of Norman Wells, along the Canol Road, and along the 
winter road on the east side of the Mackenzie River. A less intense 

study of terrain performance was carried out at several recently abandoned 
oil well sites near Oscar Lake and Three Day Lake; this study also in- 
cluded visits to several old and recent seismic trails, borrow pits, and 
staging areas. 


Within the study area present and anticipated pipeline and highway acti- 
vity is concentrated to the east of the Mackenzie River. In the vicinity 
of Norman Wells the highway and pipeline routes that are being considered 
traverse the gently rolling till plain between the river and Norman 
Range, while in the northwest corner of the area they follow the rock- 
and drift-covered lower slopes of the Norman Range. 


4.1 Physiography and Geology 


The Norman Wells area is part of the lower Mackenzie sedimentary basin 

and lies within the northeastern portion of the Cordilleran physiographic 
province. The general geology and geography of the Norman Wells area is 
described by Hume (1945) and Cook and Yorath (1972) with more detailed 
work on the Norman Wells Oil Field done previously by Hume (1922) and 
Stewart (1948). As part of the Canol Project a series of detailed reports 
on the Norman Wells area was produced by several authors (Canol Project 
Reports). 


The study area is made up of a variety of rock types, chiefly Devonian. 
Shales, sandstones, carbonates and siltstones are of various ages; the 
oldest, Macdougal Formation of Cambrian age, is an interbedded series of 
shales, sandstones and limestones. The competent dolomites of the 
Ronning Group, forming the core of Norman Range, are of Silurian age. 

Of the following formations the majority of bedrock units are Devonian. 
The Bear Rock Formation dolomite, commonly brecciated, and the lime- 
stones of the Hume and Ramparts Formations provide a source of very good 
construction material and have been used for the construction of roads 
and the airport at Norman Wells. The Hare Indian and Imperial Formation 
shales, with thin beds of sandstone and siltstone, are moderately 


competent rocks and fairly resistant to erosion. The Cretaceous and 
Tertiary shales are mainly soft, easily weathered rocks, prone to erosion 
and slumping; the Cretaceous sandstones are moderately competent rocks 
which locally weather into loose sand. The surficial geology is described 
by Hughes (1972) and mapped by Hughes (1970) and Fulton (1970). 


The organic terrain is a peat, fen, and peat-fen complex of variable 
thickness, commonly occurring as a cover on the silt-clay and till plains. 
The silt-clay plains represent thick lake deposits and are often surfaced 
by sand or silty sand and/or organic cover. The till plains consist of 
clayey to silty till as a thin veneer on bedrock, particularly shale. 


Ha Location of Study Sites 


Detailed investigations of terrain disturbance were undertaken at twelve 
sites centred about drill hole locations (Fig. 1). Seven of the sites 
are in the vicinity of the proposed pipeline and highway routes east of 
the Mackenzie River. Five of these (7A, 7B, 7C, 7D, MV) are on the till 
plain east of Norman Wells and two, (TL GL1) are on the silt-clay plain 
west of Norman Wells. 


Five sites (GL 2U, CCU, SA, Rl and SD), on the west side of the Mackenzie 
River along Canol Road, are located within a variety of terrain units. 
Sites Rl and SD are on the till plain and sites GL 2U, CCU and SA lie 
within the silt-clay plain, beach sand ridge, and organic material 
respectively. 


All three of the abandoned oil well sites visited are on till plain. 


De METHODS AND RESULTS 


To achieve the objectives of this study, a three-fold approach was used. 
First an extensive examination and study of sites, disturbed in various 
ways either at a known time in the recent past or currently, was carried 
out to assess the effects of the disturbance on the different surficial 
geologic units and the active layer. The second approach included 
intensive field examination and mapping of the geological materials and 
their engineering properties within a sample area. The third approach 
involved laboratory testing of various soil and rock samples representing 
different geological and geomorphological units from both disturbed and 
undisturbed areas. 


Spr ae Field and Laboratory Methods 


In studying previously disturbed sites, two main groups of factors were 
considered: 1) the type, intensity, and duration of activity, and 2) 
terrain engineering properties and conditions before and after disturbance. 
To assess these factors properly, their interaction and relationships must 
be considered. Since terrain details before disturbance are unknown, 

they are assumed to be identical to conditions of the undisturbed terrain 
contiguous to the area affected by the disturbance. 


Three wide groups of activities, each of which can cause a different 
degree of terrain disturbances, were recognized in the Norman Wells area: 
oil and gas exploration, road and pipeline construction, and forest fires. 
Since the study of terrain disturbance resulting from forest fires was 
part of another study, detailed study of forest fire areas was excluded 
here and attention was concentrated primarily on the other two activities. 


The study of oil and gas exploration activities included investigation 

of the abandoned oil well sites and examination and drilling on the 

seismic trails, access roads and staging areas. Part of this investigation 
involved detailed probing of active layer depth at three wild-cat well 

sites and drilling of seven holes along seismic trails. As seismic trails 
are so numerous and widespread in the study area, all drill holes were 
situated both on and off the trails close to the proposed pipeline 

and highway routes. 


Intensive study and drilling were part of the investigation of Canol 

Road which is representative of construction activities. The depth of 
the five holes drilled varied from 10 to 60 m and both the chip and core 
samples were recovered for further testing in the soil mechanics laboratory 
to ascertain the engineering properties of each material. Tests included 
natural water content, Atterberg limits, sieve analysis, specific gravity, 
dry and bulk density, and pH. Ultrasonic wave velocities of frozen core 
samples were measured in the rock mechanics laboratory to determine the 
relationship between the compressional and shear wave velocities and 
ground-ice content aswellas their possible application to field results 
of shallow seismic techniques. 


All drill holes were instrumented with thermistor cables to provide a 
continuous record of air and ground temperatures at different depths. 


Died Oil Well Sites 


Oil and gas exploration and drilling has been widespread in the Norman 
Wells area since 1919. Recent activities consist mainly of seismic 
profiling, building of the staging areas and access roads, and drilling 
of exploration wells. Of the three recently abandoned oil well sites 
visited during the summer of 1972, two of them, Banff Aquitaine—Oscar 


Creek No. 1 and No.2, were investigated in detail; the third, Aquitaine 
Mobile Dodo Canyon K-03, was occupied by the clean-up crew and hence 
only general observations were made. 


The main part of the detailed investigation included measurements of thaw 
depth, notes on original and present conditions of the terrain and vegeta- 
tion, notes on types and intensity of inflicted disturbance, and detailed 
study of the surficial geology. 


All three oil well sites were generally rectangular, 150 by 200 m, with 
trees and bushes cleared and pushed to the sides by bulldozer. The moss 
cover was completely scraped away near the centre of the area with some 
patches left intact at the site edges. The well-head and immediately 
adjacent slush pit were located near the centre of the area while staging 
areas and the camp facilities were situated on the outside. Duration of 
site occupancy varied from three to six months, in winter and early spring. 
One or several seismic trails traverse or are immediately adjacent to the 
oil well site; the access road usually leads from the site to the nearest 
lake or stream. 


The two Oscar Creek sites investigated were cleared during the winter of 
1970 while the actual drilling activities took place in the spring of 1970. 
Both sites are on till plain with a thin till veneer overlying bedrock; 

the silty to clayey till is highly plastic with an average ice content 
around 25%. Several profiles were run across the well sites and depth 

of thaw was measured with a steel probe. In general, due to the concen- 
tration of drilling activities around the centre of the area, the depth 

of thaw was deepest close to the well head, became shallower towards the 
edges of the cleared area, and was very similar to the undisturbed area 
under the tree and brush remains. 


At Oscar Creek No. 1 site three profiles were measured across the cleared 
area. Another profile, running parallel to the others, was measured in 
the undisturbed area off the drill site to enable comparison between the 
cleared and vegetated areas. The undisturbed area was covered with thin 
black spruce and a thick moss mat. The depth of thaw, shown in profile 3 
(Fig. 2), varied between 15 and 20 cm and increased rapidly to 70 cm 
where the profile line crossed the seismic trail which was stripped of all 
vegetation cover. 


Several profile lines were run across the access road leading from the well 
site to the nearby lake. Two sample profiles are presented in Figure 3. 
The access road was stripped of all trees and vegetation cover which, 
combined with the repetitive movement of various vehicles along the road, 
has resulted in rapid subsequent thawing. The deepest thaw coincided 

with the most frequently used centre part of the road where it reached 
100-140 cm. Closer to the edges of the cleared area thaw depths decreased 
to 40-80 cm depending on the thickness of the remaining moss mat. The 
depth of thaw under slash piles at the edge varied between 20 and 30 cm 
which is similar to depths measured in undisturbed areas. 


Similar conditions were encountered in the three thaw depth profiles 
measured at Oscar Creek No. 2 site as shown in Figure 4. Several adjacent 
seismic trails were examined and the measured profiles are shown in 
Figure 5. The depth of thaw under the disturbed area was much less than 
at the access road and since the area was not used by vehicles, is appar- 
ently due only to the removal of trees and vegetation cover. 


Siac Geological Survey Test-Hole Sites 


In March and April 1972 in the Norman Wells area the Geological Survey 
cleared twelve drill sites and subsequently drilled bore holes. All 
sites were visited again during the summer of 1972 and the depth of thaw 
was measured twice in July and August. All adjacent seismic trails or 
winter roads were investigated at the same time. 


Prior to drilling all sites had been cleared by bulldozing trees and 

brush to the sides, leaving the moss mat intact and covered with a thin 
layer of packed snow. At several sites subsequent drilling activities 

cut through the moss mat in places, but the resultant damage was very 
light. In general, terrain disturbance caused by the removal of vegetation 
cover and by drilling operations was almost negligible, except for the 

area in the immediate vicinity of the drill hole where disturbance was 

more noticeable. The measured depth of thaw was similar in both the 
recently disturbed and undistrubed areas. 


Typical profiles of one GSC drill site are presentd in Figures 6 and 7. 
The GL 2U drill site, chosen as a representative example of all GSC drill 
sites, is situated off the Canol Road in fine silt-clay deposits with 
moderate ice content. Profiles 1 and 2 were run through both the drill 
site and the previously cleared right-of-way area adjacent to Canol Road. 
Measurements taken in July show that the average increase in the thaw depth 
was about 20 cm more in the cleared area compared with the undisturbed 
area; the increase under the right-of-way area was about 80 cm. Profile 4 
was run through the area of actual drilling and showed a much greater in- 
crease in the depth of thaw than the other profiles. Profile 5, situated 
close to the edge of the disturbed area, shows a depth of thaw similar to 
profiles 3 and 6 which were run in the undisturbed area. 


The August measurements show a general average seasonal increase of about 
20 cm in the depth of thaw. 


All investigations and measurements showed that careful removal of tree 
and vegetation cover using a bulldozer with the shoe-covered blades and 
combined with properly guided drilling activities caused very slight or no 
increase in the depth of thaw. With increased intensity of activities 
associated with drilling, severity of terrain disturbance increased and 
could lead to a very significant increase in thaw depth. In areas which 
had been previously cleared and extensively used, the depth of thaw 


appeared to be much deeper and the vegetation regeneration process was 
much slower. 


Two profiles were run across the adjacent seismic trail and the observed 
results are shown in Figure 8. The increase in depth of thaw due to the 
removal of the vegetation cover varied from 45 to 65 cm but was deepest 
under the centre of the trail. 


One to three holes were drilled at each Geological Survey site to depths 
ranging from 10 to 60 m. Chip and core samples were collected from 
different depths, especially when a change in material occurred. All 
samples were described in the field and were again documented and 
analyzed in the soil mechanics laboratory to determine their engineering 
properties. 


Stratigraphic and ice-type logs were made for each hole. Some representa- 
tive logs are shown in Figures 9 to 12 and the accompanying legend shown 
in Figure 13. 


524 Laboratory Analysis of Samples 


All available laboratory results are summarized in Appendix A. The natural 
water content and grain size were obtained for all tested samples, while 
values of Atterberg limits, specific gravity, dry and bulk density and 

pH were measured only on representative samples. 


About one hundred undisturbed core samples were recovered from seven drill 
holes located in a variety of surficial materials. Some twenty representa- 
tive samples of differing materials were chosen and tested in the rock 
mechanics laboratory. The ultrasonic-pulse technique was used to measure 
compressional and shear wave velocities on samples with various ice 
contents; the equipment and operational procedure used have been described 
by Kurfurst and King (1972). 


The measured results were evaluated and the ice/water content-ultrasonic 
wave velocity relationship was plotted. The frozen core samples were 
tested and measurements recorded at 30 F, 25 F and 20 F. At temperatures 
below 32°F when water in the sample starts to freeze, there is a sharp 
increase in both shear and compressional wave velocities with decreasing 
temperatures. The ultrasonic velocities of ice are much higher than those 
of unfrozen water, thus a sharp increase in the ultrasonic velocity is a 
good indication of increased ice content. A fairly close estimate of the 
ice content for various materials can be made from the range of measured 
velocities. Typical results are presented in Figures 14 to 16. 


5 DISCUSSION 


The study objectives of this report are to investigate and evaluate the 
response of various soil and rock materials under different conditions to 
various types of natural and man-caused disturbance and to develop a 
terrain sensitivity mapping system that can relate the performance of 
different terrain units to the activities of man. To achieve this objective 
it is necessary to thoroughly investigate all factors involved in terrain 
disturbance. Full understanding of the processes and activities and their 
interaction requires identification, evaluation, interrelation, and inter- 
pretation of all factors that affect terrain performance. This report 
deals only with identification and evaluation of the described factors; 
their interrelation and interpretation will be part of a further study. 


Part of the "identification" phase included investigation and study of 

such activities as compaction of ground surface, destruction and removal 
of vegetation, and removal of surface vegetation mat and top soil. These 
activities and resulting disturbances are usually associated with gas and 
oil exploration; therefore, the results of investigation of oil well sites, 
adjacent seismic trails, and access roads as described in a previous 
section, combined with general observations, were the main sources of in- 
formation. These ‘activities are part of a number of processes that can 
affect terrain performance and cause varying intensities of terrain 
disturbance. 


To prevent terrain disturbance an equilibrium must be maintained between 
the applied forces and terrain reactions. In general, the main applied 
forces are mechanical, thermal, hydraulic and gravitational or a combina- 
tion of these operating within a time framework. When one or more forces 
are applied, the terrain response is immediate and may result in terrain 
disturbances varying from negligible to very severe. The ultimate degree 
of disturbance depends on terrain reaction which in turn depends on the 
type and intensity of the action applied, the ground-ice/water content, 
engineering properties of materials, and local morphology, especially the 
magnitude of slopes. 


Disturbances caused by mechanical forces mainly depend on shear strength, 
grain size, cohesion, and friction of the surficial materials. Distur- 
bances produced by thermal forces are dependent on air and ground tempera- 
ture, ground-ice/water content, and the solid/fluid phase ratio. Distur- 
bances by hydraulic forces are dependent on the ground-water regime and 
general drainage pattern; disturbances produced by gravitational forces 
are generally dependent on degree, aspect, and length of slope. 


The application of one force can initiate or accelerate the application 
of other forces which acting in combination may result in greater impact 
and possibly more severe disturbance than that caused by the initial 
force. 
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Compaction of the ground surface and/or change in vegetation cover can 
alter the albedo, which can subsequently change the local drainage 
pattern and affect the thermal properties of the top soil layer. These 
changes can lead to increased heat flow downward from the surface during 
the summer, thereby increasing rate of thaw of the frozen soil. The 
resultant melting of excess ground ice can increase the depth of the 
active layer and accelerate the degradation of permafrost. Fine-grained, 
highly plastic soils with a high ground-ice content are most sensitive to 
changes in the temperature regime. Any significant thermal change on 
flat or gently sloping ground surfaces can result in permanent terrain 
subsidence and differential settlement. On steeper slopes, hillsides, 
and sloping river banks, extensive erosion, rapid gullying, various types 
of slope failures, and landslides may result. It appears that the ground- 
ice content is one of the major factors affecting sensitivity and perfor- 
mance of terrain under conditions of thermal disturbances. High ground- 
ice content in fine-grained soils of low plasticity can lead to adverse 
effects on the terrain performance. 


The ultrasonic-pulse technique was used in the laboratory to measure 
compressional and shear wave velocities to effect a comparison with field 
results obtained from shallow seismic techniques. Measurements were made 
on a variety of samples, differing in surficial unit and ice content, at 
temperatures ranging between 30 F and 20 F (Figs. 14,15,16). The shallow 
seismic profiles were shot at the sampled drill sites at the time of 
drilling. Field and laboratory results are presented in Table 1: 


Table 1 


Compressional wave velocities (ft/sec.) 


Drill site 
Field data Laboratory data 

GL 2U 10,200 10,150 — 10,960 
SA 9,000 8,240" =~ 79,160 
GL 1 10,000; = TEs100 10,900 - 11,640 
TL 8,100°5— 695250 8,200 = 11,890 
MV 115800 — "12,300 12,680 - 13,480 
7B 7,200 - 10,700 6,640 — 10,210 


8,300 - 11,900 8,110 — 11,890 


va 


Data from field and laboratory measurements are reasonably similar and 
show the compressional wave velocity ranges for samples of differing ice 
content in the various surficial units. The results obtained indicate 
that shallow seismic field techniques and laboratory ultrasonic methods 
can be used to determine ground-ice content and to assist, therefore, in 
predicting the reaction of various surficial materials to terrain distur- 
bance. 


Ona Terrain Sensitivity Rating 


Field observations and measurements were combined with laboratory results 
to compile a preliminary map of the area's terrain susceptibility to 
disturbance. Four 1:50,000 map-sheets of the Norman Wells area were 
produced and are shown in Appendix B. ; 


Terrain disturbance susceptibility for the sample area was assigned to 
six map-units ranked from I to VI according to increasing terrain sus- 
ceptibility to disturbance. Each unit contains materials of a common 
terrain morphology, ground-ice content, and engineering properties that 
respond to various types of disturbances in a similar manner. 


Unit I consists of bedrock chiefly composed of competent sandstones, 
carbonates, siltstones and shales. Ground-ice content generally is nil 
or very low, except in shale where fractures may be filled with ice to 
depths of 30 to 45 m. Disturbance causes no changes involving permafrost 
degradation, except on steep slopes of frozen shale where minor rock 
slides and rotational slumps can occur. This unit is least susceptible 
to terrain disturbance. 


Coarse and fine granular materials (gravels and sands) and silty sands 
and sandy silts on flat surfaces of less than 5° slope represent Unit II. 
These deposits usually form beaches, flood plains and river terraces, 
eskers, sand dunes, and plains bordering rivers. Generally they are 
poorly graded and have a low content of fines. Ground-ice content is low 
in coarse materials and increases with a higher content of fines. Minor 
ground-ice slumping, thermokarst subsidence, and local gullying can be 
caused by disturbance. 


On slopes greater than 59 the silty sands and sandy silts described above 
are included in Unit III as are clayey and silty tills on flat surface 

of less than 5° slope. Tills commonly form ground moraine of low relief 
or a thin veneer on bedrock, particularly shale. They are fine-grained, 
moderately plastic (PI 17), less permeable materials with an average 
specific gravity of 2.65 and a natural water content of 28%. Moderate 
ice content with thin seams and locally thicker lenses of segregated 

ice makes these deposits moderately susceptible to thermokarst subsidence, 
gullying and ground-ice slumping when disturbed. 
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Tills on slopes greater than 5° as well as peat and fen complexes are rated as 
Unit IV. The organic peats and fens, generally overlying silt-clay and 

till deposits, are very porous with low specific gravity of 1.60 and 
extremely high natural water content at 200 to 1000%. This makes them 
highly compressible and very sensitive to changes in the temperature 

regime. Peat generally has moderate to high ground-ice content with up 

to 50% segregated ice. Fen is commonly unfrozen to a depth of 2 m with 

some segregated ice at greater depths. If disturbed, the peat and fen 
complex is highly susceptible to major terrain subsidence. 


Unit V is composed of organic and inorganic clays and clayey silts ona 
flat surface of less than 5° slope. They are usually fine-grained, highly 
plastic materials with low permeability; ground-ice content ranges from 
moderate to high. Up to 10% of segregated ice occurs as thin seams in 

the upper layers with thicker tabular ice bodies at greater depths. 
Susceptibility to major thermokarst slumping and rapid gullying is very 
high. 


Clays and clayey silts on slopes greater than 5° are ranked as Unit VI. 
They are extremely susceptible to major thermokarst slumping and rapid, 
deep gullying; large detachment slides and retrogressive flow slides are 
commonly caused by disturbance. 


The detailed engineering properties of various materials from the Norman 
Wells area are tabulated in Appendix A. 


It should be mentioned that apart from the three major factors described 
earlier, other parameters are involved in terrain disturbance and must 

be considered as well. Intensity and duration of the original disturbance, 
ground-water regime, precipitation, season of the year, terrain properties, 
and time elapsed since the disturbance are otherimportant influences that 
can affect the sensitivity of the terrain in one way or another. More 
detailed study of all factors and their mutual effect is required before 

a more definite terrain sensitivity rating can be developed. 


tee CONCLUSIONS 


Several conclusions can be drawn on the basis of field observations and 
laboratory testing. Reaction of different soil types to any kind of 
natural or man-induced disturbance varies with their character, properties, 
surface morphology, and vegetation. It appears that the major factors 
controlling the reaction of the terrain and the effects of terrain distur- 
bance are ground-ice and/or water content, engineering properties of the 
materials and surface morphology, especially slope and rélief. Other 
factors, such as ground-water regime, precipitation, season of the year, 
intensity of the original disturbance, seem to have a lesser effect on 

the reaction of the terrain but under extreme conditions, can also cause 
an adverse reaction. Further detailed study of all factors involved and 


ike 


their interrelationships is needed to increase our knowledge of the 
subject before more definitive conclusions can be drawn. 


Generally, susceptibility to terrain disturbance of coherent bedrock and 
sand and gravel deposits is nil to very low and their performance is 
excellent. Till and organic sediments, depending on local conditions, 
are highly to moderately susceptible to terrain disturbance and their 
performance can be rated as good to fair. Clay and clayey silts are 

the materials most susceptible to terrain disturbance and their perfor- 
mance generally can be rated as poor. 


on RECOMMENDATIONS 


Within the study area pipeline and highway are expected to be routed along 
the lowland between the Mackenzie River and the Norman Range. Here the 
till plain with low relief and discontinuous organic cover constitutes 
large areas with less difficult construction problems than other materials. 
Construction should be routed across this terrain where possible. Large 
organic areas as well as silt and clay plains, particularly those with 
thermokarst topography, are expected to present a variety of construction 
problems and should, therefore, be avoided where possible. Stream banks 
in Units IV to VI represent the most unstable conditions and are highly 
susceptible to terrain disturbance. Construction during.winter, rather 
than summer, is expected to reduce the possibility of terrain disturbance. 


To provide more insight on the actual behaviour of different terrain units 
during and after disturbance, it is suggested that part of the proposed 
pipeline be fully instrumented and all disturbance processes recorded. 


It is also suggested that a further field test program be carried out to 
check and test sample maps of terrain susceptibility produced for different 
geographical and morphological areas around Norman Wells and the Mackenzie 
River delta. It is also felt that further use of ultrasonic and seismic 
methods for the determination of ice content should be made utilizing all 
available geophysical data collected by the oil companies and other agen- 
cies operating in the North. 
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SOIL CLASSIFICATION SYSTEM TECH. MEMO. NO 79 
13. Legend for stratigraphic and ice-type logs 
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APPENDIX A 


NATURAL 
WATER PAS TLC. = LLOumsD PLASTICLIY  SPECEFIG 
HOLE DEPTH (feet) CONTENT (Z) IL MEAL IL ALMA INDEX GRAVITY pH 
Ghagih S210" =o 55" 40.89 os We Wael 
23) 7 24a 16.87 24.8 44.8 20.0 2.66 738 
20' Or =3 eon 18.09 26.7 63.0 36.3 2.69 Spall 
37° 4"—38"1" O87 eRe ok 62.6 34.5 2:67 Bul 
TL Ota at 78.16 Desh 
3°" 50.50 38.7 63.1 DR TE 
Aon 63.90 
4° O'=479"' 58.87 41.8 58.9 Iyer 253 6 
6° 6"=7" 0" 46.60 345 55.6 2053 255 
g'.4'—Bt gn! pS) D8 44.9 2201 2.67 
1oPo" =i 26.30 Dies 5B) 30.6 2.64 
LS oN ke MES 28.74 252 Get SERS 2.62 
1A OVST ACS" 2IT9 26.0 58.2 B52 2.60 
1S 101645 83555 5 57.4 Sale 2.64 
UES skye BoM 29.02 26.3 62.4 38.1 2.62 
302-0" 28. 10 32.6 68.1 S55 
35°70" 35.80 
000" 43.30 2156 69.9 48.3 
Chin | AOL" 10" 22 2.69 8 
6'0"'-7'0" 25.93 2.66 
6'6"-7'2" 293 2.69 8 
FP Ov aid! 23.76 2.67 
7'2"-7' 103" 22°61: 2-67 8 
7'11"-8'103" 25555 2.66 8 
8'10"-9'11" 25 TL 2.68 
Geyer 7%" 25.92 2.63 
LOS 7S ti it 31.79 2.63 
LS ON=—15 44" 41.26 27.0 69.7 Aad. 2.60 
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19'10""-20'6" 33.76 vie ae alg? 28.6 
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T6928) 08 26.62 Die ehe5 13.6 2273 8 
8'O"-8'6" 27.09 De, 36.1 1334 2.67 
8'6"-9'3" 27.30 20% 33.9 aig ears 2.68 7 
9'3"-9'6" 26.03 D2 30.1 Ia 2.68 
LO) Ch 10072! 29.09 2129 38.1 16.2 2.69 
12° 6" =12' 10" 25.49 jane 30.9 9.4 2.66 
138 RO S145! 28.40 24.0 29.5 Bee) 2.65 8 
TA StSrs han 28.80 21.4 a5 20) ule ay 2.68 
18'6"-19'0" 29.27 24.9 65.5 40.6 2.66 
20° 5"=20 210" 23.25 Dynes 53.9 3125 2.68 
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NATURAL 
WATER PLASTIC LIQUID PLASTICITY SPECIFIC 
HOLE DEPTH (feet) CONTENT (2) LIMIT LIMIT INDEX GRAVITY pH 
SA 0'104"-1'8" 614.90 17255 
TO =2 so" 618.76 6.1 
3'0"-3'6" 643.60 5.8 
4°0" 963.20 5.6 
5'0"=-5'6" 431.20 54 
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7'0"'=8'o" 549.40 6.6 
OD =1070" 257.80 109.0 139.5 30%5 6.9 
jh oa Ae 50.40 208 32.3 ie 16 Tne 
14'9"-15'0" 40.53 2.59 734 
R ] He 0) 13520 16.4 B30) 16.6 
2'0"'=310" 21.60 27.5 41.0 13.5 
aro" 18.80 19.9 35.9 16.0 
ree 13.30 Sil 23.6 8.5 
6'0"'-6'6" 16.10 Thee 3720 1S 
8'o''=-9'Q" 14.60 19.0 alas Dore 
D019 50! 16.00 ea2 41.3 23 ial 
130" S140" 14.40 
21 O 279" VO 18.2 41.6 23.4 
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WATER PLASTIC LIQUID PLASTICITY SPECIFIC 
HOLE DEPTH (feet) CONTENT (2) EIMEE EIMEL INDEX GRAVITY pH 
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ip gd 6) issa3 Zet0 
Peis Siang! Oaow ZiohO 
TSA Gea: 13.66 ioc 297.0 I Zed Sal 
16) 4r—Ve 135.06 PER oR?) 
2270e Tes ee26 
40'0"'-41'0" HERO 
45°'0"-46'0" Arete) 
5050! Solon 8.07 
eat 2) O8=G07) OL 
S'0V=1 3" 0" 12.34 
T4°Q\=17 %0" 4.46 
oso. yee») 
ya”) age: TL A0 
4'Q” 88.20 
3.0" Iie ised 
10)0" 10250 
ee O22) 
10" whe 6) 
Aon 9.60 
61"0!' 7.40 
80'0"' 6.60 
oo 0) 6200) 


mw. > 
in = 
‘</ b 
; A 


— 
as 
6s 


ae 
| 


it 


wy 


Kine 


NATIONAL TOPOGRAPHIC SYSTEM 


12730" 


GEOLOGICAL SURVEY OF CANADA 
DEPARTMENT OF ENERGY, MINES AND RESOURCES: 


FIRST EDITION SHEET 96 E/6 


1:50,000 


6510 


SoBe, 


° o35 


a) 

toes 
Bho To 
Do 5 


+ 4 P+ 


+ # 


7 bs 


= 


LEGEND 
Susceptibility Soil type 
rank | Map Unit symbol Ay General description Comments 
I Bedrock — shales, sandstones, carbonates and siltstones. Compecent carbonates and sandstones can v| 
aoe Very low ice content except in shale where used as source of granular material. 
ee fractures are filled with ice to depth of Rock falls and slides occur on steep 
100-150 ft. ‘slopes, rotational slumps common on high 
cliffs of shale. 
No changes caused by disturbance except on 
steep slopes of frozen shale. | 
iD cP Gravel — medium to coarse, poorly graded, high Good source of granular material. Locally 
Permeability. minor ground ice slumping and thermokarst 
Low ice content in coarse materials; locally subsidence can be caused by disturbance. 
ice lenses in finer sediments. Ground ice 
generally absent in beach sediments. 
[= Sle 
SP Sand - fine to medium, poorly graded, moderate to Suitable as source of granular material. 
high permeability, Low to moderate ice Minor ground ice slumping and thermokars| 
content, seams of segregated ice. subsidence can be caused by disturbance. 
su Silty sand, sandy silt-fine, poorly graded, low Poor source of borrow material, can be 
Permeability, onslopes <5°, Moderate to improved by artificial drying, 
high ice content, locally with thin lenses Minor ground ice slumping, gullying, and 
of segregated ice. Discontinuous organic thermokarst subsidence can be caused by 
cover up to 10 ft. disturbance. 
TIL cL Clayey to silty till - fine, low to medium plasticity, Suitable as borrow material (fi11) only 
i] lov permeability, on slopes <5°. where ice content is low. 
—s a eae with thin seams and Low to moderate susceptibility to thermo- 
Fee ED Oe CIEE karst subsidence, gullying and ground ice 
rex up to 10 ft. slumping duc to disturbance. 
SM, Silty sand, sandy silt ~ fine, poorly graded, low Poor source of borrow material, can be 
ML permeability, on slopes >5°. improved by artificial drying, 
Moderate to high ice content, locally with Moderate susceptibility to thermokarat 
thin lenses of segregated ice. Locally subsidence; gullying and ground ice 
overlain by patches of organic cover. slumping due to disturbance. 
v Pe Peat and fen complex - porous, high compressibility, Unfavorable for construction purposes. 
extremely high moisture content. High susceptibility to terrain subsidence 
Peat - moderate to high ice content, up to due to disturbance. 
50% of segregated ice, locally unfrozen 
from 1 to 3 ft. 
Fen — commonly unfrozen to depth of 6 ft., 
locally some segregated ice at greater 
depths, 
cL Clayey to silty till - fine, low to medium plasticity, Suitable as borrow material (£111) only 
low permeability, on slopes >5°. where ice content is: low. 
Moderate ice content with thin seams and Moderate cto high susceptibility to 
locally thicker lenses of segregated ice. thermokarst subsidence, gullying and 
Irregular patches of organic cover. ground ice slumping due to disturbance; 
locally superficial mudflows and flow 
slides, 
v oH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
cH low permeability, high plasticity, on susceptibility to major thermokarst slump- 
slopes <5°. ing and rapid gullying due to disturbance. 
Moderate to high ice content. Up to 10% 
of segregated ice as thin seams in upper 
layers, tabular ice bodies at greater 
depths. 
Discontinuous organic cover up to 10 ft. 
VI OH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
cH low permeability, high plasticity, on susceptibility to major thermokarst slump- 
slopes >5°. ing and rapid gullying due to disturbance; 
Moderate to high ice content. Up to 10% large detachment slides and retrogressive 
of segregated ice as thin seams in upper flow slides common. 
layers, tabular ice bodies at greater 
depths. 
Irregular patches of organic cover. 


Note; Soil symbols according to Unified Soil Classification System. 
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Roads 
all weather 

dry weather 
winter, cart ack 
{rail; cut line of portase 
Railways: 

normal gauge, multiple {rack 
normal Rauge, single track 
abandoned or under construction 
Bridges: road, railway 

(Cutting: Embankment 
Boundaries 

International, with monument 
pranncial 

EoUnly oF district 
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UNIFIED SOIL GLASSLFICATION 
FIELD IDENTIFICATION PROCEDURES | GROUP TYPICAL NAMES LABORATORY CLASSIFICATION CRITERIA 
SYMBOLS 
oH Well graded gravels, gravel-sand 2 
é A 4 mixtures; little or no fines q 
4 Gas ae he th 
2 e™ ba ce Poorly graded gravels, gravel rata Be 
eae < sand mixtures; little or no fines ge me 
u gu Ea 2 
ae) 2 eigie Be mats cia 
ue a hss a GM Silty gravels, poorly graded SS SR23 | Acterberg limits below on Seo SAT 
a4 £u.8 ame gravel-sand-silt mixtures Be Saal line, or PI less than 4 Be raen ea vandiyiacetnaeaaee 
& A fas S Sie, WE 5 line cases requiring use of 
see Paes 352 ce Clayey gravels, poorly graded B nso | Atterberg limits above acatrayekole a 8 
ao 2843 Dene gravel-sand-clay mixtures Sa BEES | line, with Pr greater than 7] 
2 a 
u ga oko 
3 3 SW Well graded sands, gravelly sands;| 33 acer} 
aid 2 little or no fines 23 
a Fo os 42 § 
caf) mich a2 Be se 
a ex arc BG SP Poorly graded sands, gravelly Cet Te 
S gel/e a22 sands; little or no fines Bq 
$|82 33 ed gen 
EOE, cae eres >a 
ge|a gisa SM Silty sands, poorly graded sand- oa S57 Atterberg limits below "A' eee ainase uithiPT 
Ze 24nd lag silt mixtures Sz a28 dine porterplena) thanks between 4 and 7 are border- 
y gas aaa 56 325 van | line cases requiring use of 
fo fogs GER sc Clayey sands, poorly graded sand- dq Atterberg limits above "A dial ayabers 
22 26 a3 clay mixtures BE line, with PI greater than 7 
ML Inorganic silts and very fine 
sands, rock flour, silty or 
5 8 clayey fing sands with slight —S— SSS 
q od plasticity | 
En ree) - jal. COMPARING SOILS AT EQUAL LIQUIO LIMIT 
Gs Saz F (si, Inorganic Clays of low to medium Fs Toughness and dry atrength increase: 
Hog |2288 3 : plasticity, gravelly clays, sandy Bgl mim increasing ofastetty neax 
Ped ae clays, silty clays, lean clays £ Soe ay 
a i Ea 7 = = 
G 88 a6 OL Organic silts and organic si1t- 
2 33 clays of 1g. plasticity 
2 a | nett ou 
i Gi 3 MH Inorganic silts, micaceous or Feat 
rane 2 diatomaceous fine sandy or silty + facrearcatn r r l Fi L t | 
ear by soils, elastic silts ae ae CC CD 
Bo x Liquid timit 
28 208 Z cH Inorganic clays of high 
§ g) 42a to plasticity, fat clays 
Bs 2h PLASTICITY CHART 
Fy Ze ow Organic clays of medium to high 
Rg ne plasticity ation 
gs 36 
HIGHLY ORGANIC SOILS Pe Peat and orher highly organic 
soils 
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GEOLOGICAL SURVEY OF CANADA 
DEPARTMENT OF ENERGY, MINES AND RESOURCES: 


EDITION 2 


1700. LEGEND 
—_—= 
Susceptibility Soil Fal 
rank Map Unit aymbol General description Comments 
I Bedrock ~ shales, sandstones, carbonates and siltstones. la Competent carbonates and sandstones can al 
FA Very low ice content except in shale where used as source of granular material. 
+ fractures are filled with ice to depth of Rock falls and slides occur on steep 
100-150 ft. slopes, rotational slumps comson on high 
cliffs of shale. 
No changes caused by disturbance except on 
steep slopes of frozen shale. || 
Ir cP Gravel — medium to coarse, poorly graded, high Good source of granular material. Locally 
Permeability. minor ground ice slumping and thermokarat 
Low ice content in coarse materials, locally subsidence can be caused by disturbance. 
dee lenses in finer sediments. Ground ice 
generally absent in beach sedimenta. _|| 
sp Sand ~ fine to medium, poorly graded, moderate to Suitable as source of granular material. 
high permeability. Low to moderate ice Minor ground ice slumping and thermokarst 
content, seams of segregated ice. subsidence can be caused by disturbance. 
—| 
su Silty sand, sandy silt-fine, poorly graded, low Poor source of borrow material, can be 
Permeability, onslopes <5°, Moderate to improved by artificial drying. 
high ice content, locally with thin lenses Minor ground ice slumping, gullying, and 
of segregated ice. Discontinuous organic thermokarst subsidence can be caused by 
cover up to 10 ft. disturbance. 
— cL Clayey to silty till - fine, low to medium plasticity, Suitable as borrow material (£111) =m 
I} low permeability, on slopes <5°, Where ice content is low. 
Moderate ice content with thin acams and Low to moderate susceptibility to thermo- 
locally thicker lenses of segregated ice. Karst aubsidence, gullying and ground ice 
a Discontinuous organic cover up to 10 £t. slumping due to disturbance. 
3 sM, Silty sand, sandy silt - fine, poorly graded, low Poor source of borrow material, can be 
& ML permeability, on slopes >5°. improved by artificial drying. 
a Moderate to high ice content, locally with Moderate susceptibility to thermokarst 
8 thin lenses of segregated ice. Locally subsidence; gullying and ground ice 
A overlain by patches of organic cover. slumping due to disturbance. 
2 
Iv Pe Peat and fen complex - porous, high compressibility, Unfavorable for construction purposes. 
extremely high moisture content. High susceptibility to terrain subsidence 
Peat - moderate to high ice content, up to due to disturbance. 
50% of segregated ice, locally unfrozen 
from 1 to 3 ft, 
Fen - commonly unfrozen to depth of 6 ft., 
locally sone segregated ice at greater 
depths. 
cL Clayey to silty till - fine, low to medium plasticity, Suitable as borrow material (£111) only 


low permeability, on slopes >5°, 
Moderate ice content with thin seams and 
locally thicker lenses of segregated ice. 
Irregular patches of organic cover. 


where ice content is: low. 

Moderate to high susceptibility to 
thermokarst subsidence, gullying and 
ground ice slumping due to disturbance; 
locally superficial mudflows and flow 


slides. 
v OH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
cH low permeability, high plasticity, on susceptibility to major thermokarst slump- 
slopes <5°. dng and rapid gullying due to disturbance. 


Moderate to high ice content. Up to 10% 
of segregated ice as thin seams in upper 
layers, tabular ice bodies at greater 
depths. 

Discontinuous organic cover up to 10 ft. 


oH, Organic and inorganic clay, clayey silt - very fine, 

GZ cH low perseability, high plasticity, on 
YL} slopes >5°. 

Moderate to high ice content. Up to 10% 

of segregated ice as thin seams in upper 

layers, tabular ice bodies at greater 


depths. 
Irregular patches of organic cover. 


Very poor source of fill material. High 
susceptibility to major thermokarst slump— 
ing and rapid gullying due to disturbance; 
large detachment slides and retrogreasive 
flow slides common. 


<—________________ INCREASING TERRAIN SUSCEPTIBILITY 
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Je 
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-7F3BR27 
Note: Soil symbols according to Unified Soil Classification Syaten. 
[po 
So 
OG) 
aL UNIFIED SOIL CLASSIFICATION 
2 
° 
od FIELD IDENTIFICATION PROCEDURES GROUP TYPICAL NAMES LABORATORY CLASSIFICATION CRITERIA 
R SYMBOLS 
ou Well graded gravels, gravel-sand é 
33 mixtures; little or no fines iq 
2 
. wh e - A 
es NG 3 Sia a3 fo Poorly graded gravels, gravel- an Zs 
agg OA 4 et Ie ee 3 sand mixtures; little or no fines| £3 a 
Ste Sa GRR tat RWS $a Fae 
Rene ea? # |/3 fees cH silty gravels, poorly graded 2S &33% | Accerberg limits below "a Pera Seppe 
2 464 SF ee a gravel-sand-silt nixtures Sa la | tine, or PL less than 4 be taceny4yagdliVarerusrdcrs 
Bo 223g cee as 3353 gef \equiring use of 
ae ESES aoa Gc Clayey gravels, poorly graded Z = 52 | Atterberg limits above 
8 q 223q IE gravel-sand-clay mixtures SG G8HS | line, vith Pr greater than 
E ga nny 
3 3 SH Well graded sands, gravelly aa 33 Bess 
als as 22 little or no fines Fac) 
2 38 Se a ds, gravel BE alt 
a eo 3G SP Poorly graded sands, gr: y As 
8 Sele anz sands; little or no fines fae 
23/2 204 + 64 948 =< 
z/2 ae SM Silty sands, poorly graded sand— oe 557 Atterberg linits below fe with PL 
Fle Eee 28 silt mixtures ay 228 line, or PI less than 4 A maatg lace orden 
58 Bug Bee Be gars aD fses requiring use of 
as ged A 258 sc Clayey sands, poorly graded sand- gq2 25 Atterberg limits above "A' Eranels 
20% 08,00 0 0 %4RO 23 gsan clay mixtures EES line, with PI greater than 7] 
een 5 05% 09,0018 R 9,200 0%, s 33a 
Roca egeeee & sseatsn tac eee pong oS == ML Inorganic silts and very fine 
g20.%%,2070/9 490 0 02008 Sle o eo 3525 5 5, 00'S : sands, rock flour, silty or 
eee eae go oeee 00,0070 A9,20 02°, °0 20 2928 =. : x CR a Fe ee eee 
EERO TO ° 805% 0° Ge%ez0.°, 3 B 
“et spies 2) = ae 2a eases See) 6 q a plasticity, st COMPARING SOILS AT EQUAL LIQUIO LIMIT 
BOO90 8 2 ©9700 8,0 Bs 
= x Fonceismemencloneees 4 © (8.2 4 cL Inorganic clays of low to medium = Toughness and dry atrength incr 
62° P00 09 G90 09,20 qo B26 4 gravelly clays, sandy |_ oe with Increasing plasticity Index 
Een ee er a an lays lean clays zuh 
ELGP OE 20 -599,00 0 VP,20 00 a 3 | 
ah 2 JO 
a ge Ee oO” Organic silts and organic silt- 2 
Be Ne clays of low plasticity Bal 
D 
e & Hy 10 
fe & g 3 MI Inorganic jsilts, micaceous ee H Fret 
: 38 o diatomacequs fine sandy or silty ‘ Re nie 
ey & soils, elastic silts ia a as Oat 
do 2 
=s\a_ 3 d cH Inorganic |clays of high 
Hales & plastietey, fae clays 
23/428 Te PLASTICITY CHART 
ay 3 § OH Organic clays of medium to high 
£3 a2 plasticity For borate clnsalticetion 
25 3 
5 y ic 
HIGHLY ORGANIC SOILS Pe Peat and arher highly organ 
soils 
6S"15' 
126530 
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TO DISTURBANCE 


<—___________ INCREASING TERRAIN SUSCEPTIBILITY 


Moderate to high ice content, locally with 
thin lenses of segregated ice. Locally 


overlain by patches of organic cover. slumping due to disturbance. 


iuproved by artificial drying. 
Moderate susceptibility to thermokarst 
subsidence; gullying and ground ice 


LEGEND 
Susceptibility Soil type 
rank Map Unit symbol General description Comments: 
I Bedrock ~ shales, sandstones, carbonates and siltstones. Competent carbonates and sandstones can be 
eas Very low ice content except in shale where used as source of granular material. 
+ fractures are filled with ice to depth of Rock falls and slides occur on steep 
100-150 fc. slopes, rotational slumps common on high 
cliffs of shale. 
No changes caused by disturbance except on 
| steep slopes of frozen shale. 
Ir cr Gravel - medium to coarse, poorly graded, high Good source of granular material. Tecaity | 
Fee] Perzeability. minor ground ice slumping and thermokarst. 
Eee] Low ice content in coarse materials, locally subsidence can be caused by disturbance. 
ice lenses in finer sediments, Ground ice 
generally absent in beach sedinents. 
SP Sand - fine to medium, poorly graded, moderate to Suitable as source of granular material. 
high permeability. Low to moderate ice Minor ground ice slumping and thermokarst 
IL content, seams of segregated ice. subsidence can be caused by disturbance 
su Silty sand, sandy oilt-fine, poorly graded, low Poor source of borrow material, can be 
Permeability, onslopes <S°. Moderate to improved by artificial drying. 
high {ce content, locally with thin lenses Minor ground ice slumping, gullying, and 
of segregated ice. Discontinuous organic thermokarst subsidence can be caused by 
cover up to 10 ft. disturbance. 
III cL Clayey to eilty till - fine, lov to medium plasticity, || Suitable as borrov material (F111) only 
mM low permeability, on slopes <5°. where ice content is low. 
Moderate ice content vith thin seams and Low to moderate susceptibility to thermo- 
locally thicker lenses of segregated ice. karat subsidence, gullying and ground ice 
Discontinuous organic cover up to 10 ft. slumping due to disturbance. 
SM, Silty sand, sandy silt - fine, poorly graded, low Poor source of borrow material, can be 
ML permeability, on slopes >5°. 


Peat and fen complex - porous, high compressibility, 
extremely high no{sture conteat. 
Peat - moderate to high ice content, up to 
50% of segregated ice, locally unfrozen 
fron 1 to 3 ft. 
Fen - commonly unfrozen to depth of 6 ft., 
locally some segregated ice at greater 
depths, 


a eS 3 


due to disturbance. 


Unfayorable for construction purposes. 
High susceptibility to terrain subsidence 


=| 


cL Clayey to silty till - fine, low to medium plasticity, 
low permeability, on slopes >5°. 

Moderate ice content with thin seams and 

locally thicker lenses of segregated ice. 

Irregular patches of organic cover. 


where ice content is: low. 


Suitable as borrow caterial (fill) only 


Moderate to high susceptibility to 
thermokarst subsidence, gullying and 
ground ice slumping due to disturbance; 
locally superficial nudflows and flow 


slides. 
v OH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
cH low permeability, high plasticity, on susceptibility to major thermokarst elump- 
slopes <5°. ing and rapid gullying due to disturbance. 
Moderate to high ice content. Up to 10% 
of segregated ice as thin seans in upper 
layers, tabular ice bodies at greater 
depths. 
Discontinuous organic cover up to 10 £t. 
VI oH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
cH low perneab{lity, high plasticity, on susceptibility to major thernokarst slump— 


slopes >5°. 

Moderate to high ice content. Up to 10Z 
of segregated ice as thin seams in upper 
layers, tabular ice bodies at greater 
depths. 

Irregular patches of organic cover. 


flow slides common. 


ing and rapid gullying due to disturbance; 
large detachment slides and retrogressive 


= 


Note: Soil symbols according to Unified Soil Classification Systen. 
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UNLFIED SOIL CLASSIFICATION =] 
FIELD IDENTIFICATION PROCEDURES | GROUP ‘TYPICAL NAMES LABORATORY CLASSIFICATION CRITERIA 
SYMBOLS 
IF ~ 
a Well graded gravels, gravel-sand ty 
a2 mixtures; little or no fines iz 
2 
wa a 3 
& Ora ba cP Poorly graded gravels, gravel- 23 Ein) 
~ lf s32 2. sand mixtures; little or no fines | = 8 24 
3 |2 £3 sa 3 
3 23 ¢ ign 
m a alte om Silty gravels, poorly graded CS &2gs |Atterberg limtes below "A" | yo. ua" Line with PI 
Sen |icaeerd ea a q] gravel-sand-silt mixtures HD Sac line, or PI less than 4 Dacenanvatandiyavetsiedere 
a Suu a 
G §} za? ces de 4248 Tan | line cases requiring use of 
ee LSPS ZEB cc Clayey gravels, poorly graded SE =a fAtterberg Limits above "A dcnliayauele a 
a od 2843 CASE! gravel-sand-clay mixtures _| 38 885s [iine, vien Pr greater than 
L} ee .--she 
38 SH Well graded sands, gravelly sands] 23 G62 3 
aL 22 little or no fines Fick 
aes] set [22 RS is 
Boy Ses ir) SP Poorly graded sands, gravelly g3u5 
8 Sele 4aaz sands; little or no fines O 
25/2 284 8a 998 
= 
ge 2 enoe SM Silty sands, poorly graded sand- es a6 A Atterberg limits stows ore FO ten eA 
Zo 2745 ee silt mixtures Sh AG To CaS TAD ES between 4 and 7 are border- 
48 ia Zee $4 t} line gases requiring use of 
& ae & & 
ae eas 228 sc Clayey sands, poorly graded sand- a3 S25 pecarbereRinles con 4 dunt sysbo1s 
22 25 gz __| clay mixtures ak line, wit! greater than 
ML Inorganic silts and very fine 
sands, rock flour, silty or 
3 H clayey fine sands with slight er — 
4 EH 
qd Bs PAssebeeey. sal COMPARING SOILS AT EQUAL LiQuiO LIMIT 
ai ie g ri] cls Inorganic clays of low to medium A Batley) 
doe |828 3 plasticity, gravelly clays, sandy Sha 
Bog mis clays, silty clays, lean clays ail 
a 3 3 aes 
a se =3 oL Organic ailts and organic silt- 3” 
3 30 Bo clays of low plasticity = 
B de + 2n 
2 4 ub 
— 9 a Mi Inorganic silts, micaceous or H frost 
33 3 diatomaceous fine sandy or silty Hate nanos 
et % n » “ Ty Ty a oe te 
ue = soils, elastic silts 
dg S Liquid limit 
Jo 
#ai4,2 8 cH Inorganic clays of high 
g§., 588 4 plasticity, fat clays 
Ba OS og =F PLASTICITY CHART 
° 3g oH Organic clays of sedium to high | 
Be ee plasticity for tborateny classiication 
25 3 
HIGHLY ORGANIC SOILS Pe peargend{orien highly organic | 
soils 
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z a LEGEND 
00°09 200 09 2 
Suscepeibiiicy | Soil type 
rank Map Unit symbol General description Comments 
I ~ Bedrock — shales, sandstones, carbonates and siltstones. Competent carbonates and sandstones can be 
ae Very low ice content except in shale where used as source of granular material. 
+ fractures are filled with ice cto depth of Rock falls and slides occur on steep 
100-150 fc. slopes, rotational slumps common on high 
cliffs of shale. 
No changes caused by disturbance except on 
steep slopes of frozen shale. 
i —_— cP. Gravel - nedium to coarse, poorly graded, high Good source of granular material. Locally 
Be permeability. minor ground ice slumping and thermokarst 
Low ice content in coarse materials, locally Subsidence can be caused by disturbance. 
ice lenses in finer sediments. Ground ice 
generally absent in beach sediments. 

SP Sand- fine to medium, poorly graded, moderate to Suitable as source of granular material. 
high permeability. Low to moderatd ice Minor ground ice slumping and thermokarst 
content, seams of segregated ice. subsidence can be caused by disturbance. 

SM Silty sand, sandy silt-fine, poorly graded, low Poor source of borrow material, can be 
Perneability, onslopes <5°. Moderate to improved by artificial drying. 
high ice content, locally with thin lenses Minor ground ice slumping, gullying, and 
Of segregated ice. Discontinuous organic thernokarst subsidence can be caused by 

IL | cover up to 10 ft. disturbance. 
III CL Clayey to silty till — fine, low to medium plasticity, Suitable os borrow material (£111) only 
low permeability, on slopes <5°. where ice content is low. 
Moderate ice content with thin seams and Low to moderate suscepribility to thermo- 
locally thicker lenses of segregated ice. karst subsidence, gullying and ground ice 
a (L_ IL Discontinuous organic cover up to 10 ft. slumping due to disturbance, 
=!) 
A SM, Silty sand, sandy silt - fine, poorly graded, low ] Poor source of borrow material, can be 
2 ML. permeability, on slopes >5°. Auproved by artificial drying. 
3 Moderate to high ice content, locally with Moderate susceptibility to thermokarst 
tS) thin lenses of segregated ice. Locally subsidence; gullying and ground ice 
a overlain by patches of organic cover. slumping due to disturbance. 
f=] 
Iv == Pt Peat and fen complex ~ porous, high compressibility, 1 Unfavorable for construction purposes. 
extremely high moisture content. High susceptibility to terrain subsidence 
Peat - moderate to high ice content, up to due to disturbance. 
50% of segregated ice, locally unfrozen 
from 1 to 3 ft. 
Fen — commonly unfrozen to depth of 6 ft., 
locally some segregated ice at greater 
depths. [ i 
cL Clayey to silty till - fine, low to medium plasticity, Suitable as borrow material (fill) only 
low permeability, on slopes >5°. where ice content is: low. 
Moderate ice content with thin seams and Moderate to high susceptibility to 
locally thicker lenses of segregated ice. thermokarst subsidence, gullying and 


Irregular patches of organic cover. ground ice slumping due to disturbance; 


locally superficial audflows and flow 


slides, 
v OH, Organic and inorganic clay, clayey silt — very fine, Very poor source of fill material. High 
low permeability, high plasticity, on susceptibility to major thermokarst slump— 
slopes <5°, 


ing and rapid gullying due to disturbance. 


Moderate to high ice content. Up to 10Z 
of segregated ice as thin seams in upper 
layers, tabular ice bodies at greater 


depths. 

Discontinuous organic cover up to 10 ft. 

VI oH, Organic and inorganic clay, clayey silt - very fine, Very poor source of fill material. High 
low permeability, high plasticity, on Susceptibility to major thermokarst slump- 
slopes >5°, ing and rapid gullying due to disturbance; 
Moderate to high ice content. Up to 10% large detachment slides and retrogressive 
of segregated ice as thin seams in upper flow slides common. 
layers, tabular ice bodies at greater 
depths. 


—<@#—______________________ INcREASING TERRAIN SUSCEPTIBILITY 
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Irregular patches of organic cover. | — 


Note: Soil symbols according to Unified Soil Classification system. 
8 
UNIFIED SOLL CLASSIFICATION 
FIELD IDENTIFICATION PROCEDURES | GROUP TYPICAL NAMES LABORATORY CLASSIFICATION CRITERIA 
SYMBOLS 
oH Well graded gravels, gravel-sand = 
q 4 mixtures; little or no fines cI 
q wa s ree 
a So € s a3 GP Poorly graded gravels, gravel- ag ga 
~ Ile gate © sand mixtures; little or no fines| 2 8 34 
4 qo 
Boe Be del. 8 — 
P13 g fag cH Silty gravels, poorly graded SS BGSe | Atterberg limits below "A' ora 7 Greenery 
Aa Po eves a gravel-sand-silt mixtures He San line, or PI less than 4 between 4 and 7 are border- 
3 52s ces ti) OE line cases requiring use of 
2 2 a Ei TAN 8 
aon ghee S52 cc Clayey gravels, poorly graded B woda, | Atterbers limits above Ya" | ao Svasole 
a3 See || Sets gravel-aand-clay, wkxtures 32 GFF [rine with Prgreater chan 7 
~ = 
a ge she 
3 d sw Well graded sands, gravelly sands;| $3 8533 
4 little or no fines Fic 
mo eas 42a bh 
w 8 as ae He os 
BOs fas Bir SP Poorly graded sands, gravelly go 8 
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